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Purpose: To evaluate the microtensile bond strength (μTBS) of two all-in-one self-etching adhesive systems and two self-
etching adhesives with and without simulated hydrostatic pulpal pressure (PP).
Materials and Methods: Flat coronal dentin surfaces of extracted human molars were prepared. Two all-in-one self-etch-
ing adhesive systems, One-Up Bond F (OBF; Tokuyama) and Clearfil S3 Bond (Tri-S, Kuraray Medical) and two self-etch-
ing primer adhesives, Clearfil Protect Bond (PB; Kuraray) and Clearfil SE Bond (SE; Kuraray) were applied to the dentin
surfaces according to manufacturers’ instructions under either a pulpal pressure (PP) of zero or 15 cm H2O. A hybrid
resin composite (Clearfil AP-X, Kuraray) was used for the coronal buildup. Specimens bonded under PP were stored in
water at 37°C under 15 cm H2O for 24 h. Specimens not bonded under PP were stored under a PP of zero. After stor-
age, the bonded specimens were sectioned into slabs that were trimmed to hourglass-shaped specimens, and were sub-
jected to microtensile bond testing (μTBS). The bond strength data were statistically analyzed using two-way ANOVA and
the Holm-Sidak method for multiple comparison tests (α = 0.05). The surface area percentage of different failure modes
for each material was also statistically analyzed with three one-way ANOVAs and Tukey’s multiple comparison tests.
Results: The μTBS of OBF and Tri-S fell significantly under PP. However, in the PB and SE bonded specimens under PP,
there were no significant differences compared with the control groups without PP.
Conclusions: The μTBS of the two all-in-one adhesive systems decreased when PP was applied. However, the μTBS of
both self-etching primer adhesives did not decrease under PP.
Keywords: dentin, pulpal pressure, all-in-one adhesives, microtensile bond strength.
J Adhes Dent 2007; 9: 437-442. Submitted for publication: 12.09.06; accepted for publication: 20.11.06.
Vol 9, No 5, 2007 437
a Research Associate, Cariology and Operative Dentistry, Department of Restora-
tive Sciences, Tokyo Medical and Dental University, Tokyo, Japan.
b Lecturer, Cariology and Operative Dentistry, Department of Restorative 
Sciences, Tokyo Medical and Dental University, Tokyo, Japan.
c Postdoctoral Researcher, Department of Dental Materials, School of 
Dentistry, University of Granada, Granada, Spain; Department of Restorative 
Dentistry and Dental Materials, University of Siena, Policlinico Le Scotte, Siena,
Italy.
d Postdoctoral Research Assistant, Department of Restorative Dentistry,            
Piracicaba School of Dentistry, University of Campinas, Brazil.
e Assistant Professor, Department of Cariology and Operative Dentistry, School
of Dentistry, FEAD, Belo Horizonte, Brazil. 
f Lecturer, Department of Prosthetic Dentistry, Faculty of Dentistry, Prince of
Songkla University, Hat Yai, Songkhla, Thailand.
g Lecturer, Department of Operative Dentistry, Study of Biofunctional Recovery
and Reconstruction, Okayama University Graduate School of Medicine and
Dentistry, Okayama, Japan.
h Associate Professor, Department of Endodontics, School of Dentistry, Medical
College of Georgia, Augusta, Georgia, USA.
i Regents’ Professor, Department of Oral Biology and Maxillofacial Pathology,
School of Dentistry, Medical College of Georgia, Augusta, Georgia, USA.
j Dean and Professor, Cariology and Operative Dentistry, Department of Restora-
tive Sciences; Center of Excellence Program for Frontier Research on Molecu-
lar Destruction and Reconstruction of Tooth and Bone, Tokyo Medical and Den-
tal University, Tokyo, Japan.
Reprint requests: Keiichi Hosaka, Cariology and Operative Dentistry, Depart-
ment of Restorative Sciences, Tokyo Medical and Dental University, 1-5-45 Yushi-






Self-etching adhesives are widely used for bonding totooth substrates because of their user friendliness and
low technique sensitivity.7,37 These systems are able to si-
multaneously etch dentin and infiltrate the demineralized
collagen matrix with adhesive monomers.38 Self-etching
bonding agents can be classified into two-step primer/ad-
hesive systems and all-in-one adhesives. All-in-one adhe-
sives combine the three functional steps (etching, priming,
and bonding) in one single application. These are complex
mixtures of hydrophilic and hydrophobic resin monomers
dissolved in water/solvent combinations.5,21 As a result,
these adhesives are very hydrophilic. Some researchers
have indicated that all-in-one adhesives behave as semi-per-
meable membranes and are ineffective in reducing dentin
permeability, allowing water diffusion even after polymer-
ization.31,34 Several morphological studies revealed the ex-
istence of water channels (ie, water trees) as an expression
of nanoleakage at the resin/dentin interface.6,23,28,29,32,35
All-in-one adhesives are commonly associated with lower
bond strengths than multistep bonding agents due to their
high hydrophilicity. Furthermore, some of these systems are
considered relatively unstable because of the occurrence of
phase separation within the adhesive components when
acetone is evaporated.36
Dentin is a hydrated substrate in its vital state due to an
outward seepage of dentinal fluid through the dentinal
tubules under a positive pulpal pressure, estimated to be ap-
proximately 15 cm H2O.4 It has been reported that this in-
trinsic moisture from tubular fluid may affect resin bonding,
compromising bond strength and sealing of dentin.25 This
outward fluid movement may hinder monomer infiltration in-
to the demineralized collagen matrix and contaminate the
bonding surface (ie, resin/dentin interface) with water. Con-
sequently, it causes decreases in bond strength of adhesive
systems.16
For optimal bonding to dentin, the consequence of out-
ward fluid flow through the dentinal tubules due to the pos-
itive pulpal pressure should be taken into consideration.
There have been many bonding studies performed under a
simulated hydrostatic pulpal pressure during bonding pro-
cedures.8,15,17,20,25,26 However, few in vitro studies have
mentioned the efficacy of new all-in-one adhesives under
simulated physiological conditions (hydrostatic pulpal pres-
sure) when testing the initial bond strength.
The purpose of this study was to evaluate the 24-h mi-
crotensile bond strengths of newly developed all-in-one ad-
hesive systems and two-step self-etching primer adhesives
to dentin, bonded and stored under zero or 15 cm H2O hy-
drostatic pulpal pressure. The null hypothesis tested was
that positive pulpal pressure does not affect the bond
strengths of the tested adhesives to dentin. 
MATERIALS AND METHODS
Forty caries-free, extracted human third molars were used
within one month of extraction and stored frozen until use.
A flat midcoronal dentin surface was prepared by removing
the occlusal enamel with a slow-speed diamond saw (Leitz
1600 Microtome, Leica Instruments; Heidelberg, Germany)
under water cooling. After removing the surrounding enam-
el margins by beveling with a high-speed diamond bur to al-
low direct exposure of the resin-dentin interfaces to storage
water, a 600-grit silicon carbide (SiC) paper was used under
running water to create a clinically relevant smear layer on
the dentin surface.
The root of each tooth was removed below the cement-
oenamel junction so as to expose the pulp chamber. The pul-
pal tissue was removed with a pair of small forceps, taking
care to avoid touching the pulp chamber walls. Next, the pulp
chamber was irrigated with 2.5% sodium hypochlorite (NaO-
Cl) for 30 s, followed by immersion in distilled water for 30
min to remove the NaOCl.
The teeth were divided in two bonding groups (n = 20) (no
pulpal pressure group or pulpal pressure group). Each crown
segment in the pulpal pressure group was attached to a Plex-
iglas (1.5 x 1.5 x 0.5 cm) platform (Fig 1) and sealed with
cyanoacrylate (Zapit, Dental Ventures of America; Corona,
CA, USA). Each platform was penetrated by a short length of
18-gauge stainless steel tube into a center hole created in
a piece of Plexiglas. The tube protruded 1 mm from the top
of the Plexiglas. Each Plexiglas-tooth assembly was attached
via polyethylene tubing to a 20-ml syringe barrel filled with
distilled water in order to produce a hydrostatic pressure of
15 cm H2O at the dentin surface to be bonded (Fig 1). The
remaining crown segments were used as the control group
(no pressure group). In the control group, the barrel re-
mained empty to simulate no pulpal pressure (0 cm H2O).26
The pulp chambers in these control teeth were filled with wa-
ter.
The specimens of the two experimental groups were di-
vided into four subgroups (n = 5) according to the adhesive
system applied.
Two all-in-one adhesive systems, One-Up Bond F (OBF;
Tokuyama; Tokyo, Japan) and Clearfil S3 Bond (Tri-S; Kuraray
Medical; Tokyo, Japan), and two 2-step self-etching primer
adhesives, Clearfil Protect Bond (PB; Kuraray Medical) and
Clearfil SE Bond (SE) (Kuraray Medical) were applied on the
dentin surfaces according to the manufacturers’ instruc-
tions. The chemical composition and application mode of
the materials tested in the study are summarized in Table 1.
A 6-mm-thick resin composite buildup was performed on
the resin-bonded dentin surfaces using a light-cured hybrid
composite (Clearfil AP-X, Kuraray Medical). Each of four 1.5-
mm increments was light cured for 40 s at 600 mW/cm2 us-
ing a halogen curing unit (XL3000, 3M ESPE; St Paul, MN,
USA). The bonded specimens were stored in water at 37ºC
for 24 h before testing. The simulated hydrostatic pulpal
pressure (0 or 15 cm H2O) was maintained during storage.
Microtensile Bond Strength Test 
After 24 h storage, each bonded tooth was sectioned into
0.7-mm-thick slabs using the Leitz diamond saw under wa-
ter cooling. Each slab was subsequently trimmed to an hour-
glass shape with a cross-sectional area of 1 mm2 at the
bonded interface using a superfine diamond bur (SF114,
Shofu; Kyoto, Japan) mounted in a high-speed turbine hand-
piece under copious water spray. 
The 2 or 3 hourglass-shaped specimens obtained from
each tooth (total 13 specimens per group) were then sub-
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jected to the microtensile bond strength test. Each specimen
was attached with Zapit to the flat grips of a universal test-
ing machine (EZ Test, Shimadzu; Kyoto, Japan) and loaded
in tension and at a crosshead speed of 1 mm/min until fail-
ure. 
Debonded specimens were mounted on brass stubs,
sputter coated with gold, and observed with a scanning elec-
tron microscope (JSM-5310, JEOL; Tokyo, Japan) at stan-
dardized magnifications for evaluating the failure mode.
Bond failures were classified as cohesive failures in hybrid
layers if demineralized collagen fibrils could be seen that
were not embedded in resin. Adhesive failures were defined
as regions where the adhesive had separated from the top
of the hybrid layer and residual resin tags could be seen bro-
Fig 1 Schematic illustration of the
specimen preparation. a: An extracted
tooth. b, c: Removal of occlusal enam-
el and the root. d: Removal of the sur-
rounding enamel margins. e, f: Appli-
cation of adhesives under a hydrostat-
ic pulpal pressure of 15 cm H2O or ze-
ro water pressure. g: Resin composite
buildup on the resin-bonded dentin
surface. h: Sectioned into 0.7 mm
thick slabs. i: Slabs trimmed to an
hourglass shape were subjected to the
microtensile bond strength test.
Material
One-Up Bond F 
(OBF, Tokuyama) 
pH = 1.4
Clearfil S3 Bond 









Liquid A: phosphoric acid monomer, MAC-10, bis-MPEPP, MMA
Liquid B: HEMA, MMA, fluoro-aluminosilicate glass, water
10-MDP, bis-GMA, HEMA, hydrophilic DMA, CQ, silanated colloidal 
silica, ethyl alcohol, water
Primer: 10-MDP, HEMA, hydrophilic DMA, 12-MDBP, water
Bond: 10-MDP, HEMA, bis-GMA, N,N-diethanol-p-toluidine,
hydrophilic DMA, CQ, silanated colloidal silica, surface treated 
sodium fluoride
Primer: 10-MDP, HEMA, hydrophilic DMA, CQ, N,N-diethanol-p-
toluidine, water
Bond: 10-MDP, N,N-diethanol-p-toluidine, HEMA, bis-GMA, hydrophilic
DMA, CQ, silanated colloidal silica
Abbreviations: 10-MDP: methacryloloxydecyl dihydrogenphosphate; HEMA: 2-hydroxyethyl methacrylate; DMA: dimethacylate monomer; bis-GMA: bis-phe-
nol A diglycidylmethacrylate; CQ: camphoroquinone; MAC-10: 11-methacryloyloxy-1,1-undecanedicarboxyric acid; MMA: methyl methacrylate; bis-MPEPP:
2,2’-bis[4(methacryloxypolyethoxy)phenyl]propane.
Table 1  Chemical composition and application mode of the materials tested in the study
Procedure
Apply for 20 s
No air-blow drying required
Light cure for 20 s
Apply for 20 s 
Dry with strong air pressure
Light cure for 10 s
Apply Primer for 20 s
Mild air stream
Apply adhesive
Spread with gentle air stream
Light cure for 10 s
Apply Primer for 20 s
Mild air stream
Apply adhesive
Spread with gentle air stream
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ken off the hybrid layer. Cohesive failures in resin were de-
fined as regions on the dentin side of the bonds that re-
mained covered with adhesive. The digitized SEM images
were subjected to quantitative image analysis using a digi-
tal slow-scan image recording system (SemAfore, JEOL, Sol-
lentuna, Sweden).
Statistical Analysis
The microtensile bond strength data were analyzed by using
a two-way ANOVA to test the effect of the adhesive system
and the experimental condition (simulated pulpal pressure
or no pulpal pressure) on bond strength. The interaction be-
tween the two factors was also analyzed. The Holm-Sidak
test was used for post-hoc multiple comparisons at α= 0.05.
The failure mode distribution was statistically analyzed with
three one-way ANOVAs in order to compare the percentage
difference of each failure mode between the two condition
groups (pulpal pressure group, no pulpal pressure group)
and materials. When significant differences among the
groups were found, the data were further analyzed by
Tukey’s multiple comparison tests at the 95% level of confi-
dence.
RESULTS
The bond strength results of the experimental groups are
summarized in Table 2. Bond strength was influenced by the
adhesive system (p = 0.0006) and by pulpal pressure during
bonding and storage (p < 0.0009). There was no significant
interaction between the two independent variables (p =
0.061). The μTBS of the tested one-step adhesive systems
was significantly lower (OBF; p < 0.001, Tri-S; p = 0.009) by
38% (OBF) and 19% (Tri-S) when pulpal pressure was applied
during bonding and storage. There was no effect of pulpal
pressure on the 24-h bond strengths of PB (p = 0.38) and SE
(p = 0.15).
The percentage distributions of failure patterns are
shown in Table 3 and Fig 3. The one-way ANOVAs indicated
that there was no significant difference in surface area per-
centage of cohesive failures in the hybrid layer (p > 0.059)
of any of the materials. However, there were significant dif-
ferences in adhesive failures (p = 0.008) among the groups.
Tukey’s tests revealed that the percent surface areas show-
ing adhesive failures in specimens bonded with Protect
Bond (PB) with or without simulated pulpal pressure were
Experimental condition Adhesive materials
OBF Tri-S PB SE
No pressure 35.3±3.8A,1 40.7±6.7A,B,1 40.4±10.0A,B,1 44.2±8.5B,1
15 cm H2O 22.0±3.7a,2 32.9±9.5b,2 37.8±8.3b,1 40.0±7.3b,1
pressure
Values are mean ± SD in MPa. Superscript letters indicate statistically significant differences in the same row (among adhesives). Different script num-
bers indicate statistically significant differences with pulpal pressure (between experimental conditions) (p < 0.05). N = 13 in each group.
Table 2  Microtensile bond strengths of self-etching systems with or without pulpal pressure (after 24 h)
Table 3  Percentage surface area (standard deviation) of fracture patterns of microtensile specimens as analyzed by a
scanning electron microscope in each experimental group
Cohesive failure in hybrid layer Adhesive failure Cohesive failure in resin
One-Up Bond F
No pressure 24% (36%)A 46% (39%)B 30% (34%)D
Pressure 1% (2%)A 58% (35%)B 41% (35%)D
Tri-S Bond
No pressure 12% (21%)A 63% (30%)B 25% (25%)D
Pressure 22% (27%)A 50% (26%)B 28% (26%)D
Protect Bond
No pressure 23% (39%)A 9% (19%)C 68% (39%)D
Pressure 20% (37%)A 9% (12%)C 71% (34%)D
SE Bond
No pressure 20% (37%)A 43% (45%)B 37% (43%)D
Pressure 17% (31%)A 40% (39%)B 43% (39%)D
Percentage of bonded area showing cohesive failures at the bottom of the hybrid layer, failures between the top of hybrid layer and the adhesive (ie, ad-





Alle Rechte vorbehaltensignificantly (p = 0.04) lower than similar failures in bonds
made with the other three materials (Table 3). There were no
significant differences in cohesive failures within the resin
among the tested materials regardless of the pulpal pres-
sure (Table 3).
DISCUSSION
In vitro simulated pulpal pressure adversely affected bond-
ing of the two tested all-in-one adhesive systems to coronal
dentin. Therefore, the null hypothesis that positive pulpal
pressure does not affect bond strengths of the tested adhe-
sives to dentin has to be rejected.
All-in-one self-etching adhesives contain hydrophilic and
hydrophobic resin monomers with high solvent content.33,36
The presence of water is essential for providing an ionization
medium for self-etching activity.24 Prior to photopolymeriza-
tion, the complete elimination of both water and solvents is
needed.13 The role played by volatile solvents (acetone or
ethanol) in promoting water displacement from the dentinal
surface is well established.27 Water that permeated dentin
under a simulated pulpal pressure may have resulted in the
lower bond strength achieved under pulpal pressure. Tri-S
was less sensitive to this phenomenon than was OBF. When
a simulated hydrostatic positive pressure is applied to
dentin, an outward fluid flow from the dentinal tubules may
occur across the smear layer, resulting in “wet bonding” in-
stead of the recommended dry bonding for which these one-
step adhesives are ideally designed. In the specimens bond-
ed without simulated pulpal pressure, the water in the ad-
hesive can be evaporated by an air blast. However, speci-
mens bonded under a simulated pulpal pressure may re-
place that evaporated water. It is reported that HEMA-con-
taining adhesive systems may promote water absorption,
which results in hydrogel formation. These adhesives are
prone to hydrolytic degradation, resulting in degradation of
their mechanical properties.10,22
The acidity of the tested self-etching adhesives may have
influenced their behavior. The low pH of OBF (pH 1.4 sup-
plied by manufacturer) may have increased the adhesive’s
ability to dissolve the smear layer and the smear plug, in-
corporating these components into the adhesive layer.30
This action allows the opening of the dentinal tubules, in-
creasing dentin permeability. More fluid seepage from the
tubules is expected to contaminate the bonded surface un-
der hydrostatic pulpal pressure, affecting resin infiltration
and polymerization within the demineralized dentin.2,23 This
pathway has been shown to permit water movement across
the resin-dentin interface, affecting bond longevity.3,9 The
higher pH values of the other adhesives render them less ef-
ficient in complete dissolution of the smear layer and smear
plugs, thus preventing large increases in water seepage un-
der simulated pulpal pressures.
It was rather surprising to observe a large difference in the
percentage of adhesive failures between PB (ca 9%) and SE
(ca 40% to 43%). The only differences between these two ad-
hesives are that PB contains about 10% MDBP, an antimi-
crobial monomer analog of MDP (Table 1), and the adhesive
of PB contains specially coated sodium-fluoride crystals.19
The 24-h resin-dentin bond achieved with two-step self-
etching adhesives (PB and SE) appeared to be insensitiv  to
the application of hydrostatic pulpal pressure. It has been re-
ported that the initial bond strength of SE bond was not de-
pendent on hydrostatic pressure during the bonding proce-
dure.17,18 Both adhesive systems employ a separate layer of
hydrophobic bonding resin over the primed dentin, which
may prevent the formation of water channels in the adhesive
layer after polymerization. The inclusion of a separate, sol-
vent-free, and relatively hydrophobic adhesive layer placed
over the hydrophilic primer has been shown to decrease the
permeability of all-in-one adhesives1,11,12,14 and may create
more reliable resin-dentin bonds.19
CONCLUSIONS
The μTBS of the two all-in-one self-etching adhesive systems
tested (One-Up Bond F and Clearfil S3 Bond) decreased un-
der the application of simulated hydrostatic pulpal pressure.
However, the μTBS of both two-step self-etching primer ad-
hesives (Clearfil Protect Bond and Clearfil SE Bond) did not
decrease under the same condition.
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Clinical relevance: The microtensile bond strengths of all-
in-one adhesive systems decreased when pulpal pressure
was applied. However, those of two-step self-etching ad-
hesives did not decrease.
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Erratum: In "The Effect of Different Air-polishing Powders on Dentin Bonding" by R. Frankenberger et al (J Adhes Dent
2007;9(4):381-389), the term "sodium carbonate" erroneously appeared twice on page 388. The correct term is calcium
carbonate. 

